. 13 N-mesitylethylenediamine 1 (1.82 g, 10.2 mmol) and 2-adamantanone (1.53 g, 10.2 mmol) were taken up in toluene (100 mL). p-Toluenesulfonic acid monohydrate (20 mg, 0.1 mmol) was added and the mixture was headed to 130 ͦ C overnight using a Dean-Stark apparatus. Upon cooling to room temperature, the solvent was removed in vacuo. The crude mixture was taken up in MeOH (100 mL) and NaBH 4 (1.58 g, 41.8 mmol) was slowly added as a solid. After stirring at room temperature for 2 hours, the solvent was removed in vacuo and the crude mixture was taken up in Et 2 O (50 mL). The mixture was then washed with water (3 x 25 mL) and brine (1 x 50 mL), and dried over Na 2 SO 4 . The Et 2 O mixture was used without further purification and treated with a solution of HCl in 1,4-dioxane (4M, 5.1 mL) causing precipitation of a white solid.
This was isolated and added to a flask containing trimethylorthoformate (20 mL). The reaction was stirred for 120 ͦ C for 2 hours. After warming to room temperature, Et 2 O was added, causing precipitation of the pure desired product as a white solid (2.0 g, 5.6 mmol, 55% 
Synthesis of S3.
To a flame dried 2-neck flask under argon was added 2-chloro-N-mesitylacetamide (1.34 g, 6.34 mmol, 1.2 eq), K 2 CO 3 (1.69 g, 12.6 mmol, 2.4 eq), acetonitrile (35 mL) and then (-)-cis-myrtanylamine (0.874 mL, 5.22 mmol, 1.0 eq). A condenser was attached, and the reaction mixture was heated to reflux for 20 hr. The crude mixture was cooled to ambient temperature, filtered over Celite, washed with CH 2 Cl 2 , and concentrated in vacuo. The title compound was purified by column chromatography (7:3 ethyl acetate :
hexanes) to give a clear viscous oil (1.33 g, 78% 
Synthesis of S4.
To a flame dried 2-neck flask under argon was added LiAlH 4 (463 mg, 12.2 mmol, 3.9 eq) and THF (20 mL). Amide S3 (1.03 g, 3.14 mmol, 1 eq) was then added as a solution in THF (5 mL). A condenser was added and the reaction mixture was heated to reflux for 18 hr. The crude mixture was cooled to ambient temperature and quenched by dropwise addition of H 2 O (5 mL) and then NaOH (1 mL) followed by brine (5 mL). The mixture was extracted with ethyl acetate (20 mL) and then CH 2 Cl 2 (2 x 15 mL). The combined organics were dried with MgSO 4 and concentrated in vacuo to yield a yellow oil (965 mg) which was used without further purification. The oil was dissolved in CH(OMe) 3 (6.5 mL) and NH 4 BF 4 (341 mg, 3.25 mmol) was then added. A reflux condenser was added and the reaction mixture was heated to 100 °C for 3 hr. The crude mixture was cooled to ambient temperature and concentrated in vacuo to
give an wet red solid. The solid was then triterated with hexanes, followed by ether, followed by 1:1 ether : ethyl acetate to give a tan powder (622 mg, 51% 140.3, 135.6, 130.6, 130.0, 54.2, 51.0, 48.9, 43.6, 41.2, 38.7, 38.3, 33.2, 27.9, 25.8, 23.3, 21.2, 19.4, 17.6 
Comparison of 6-31G(d) and 6-31G(d,p) basis sets for hydrogen atoms in geometry optimizations
The B3LYP functional and the popular 6-31G(d) basis set were used in the geometry optimizations in this study ("method 1", LANL2DZ was used for Ru). To evaluate whether using polarization basis functions for hydrogen atoms is necessary in geometry optimizations, we performed test calculations for the reaction of complex 12 using B3LYP and the 6-31G(d,p) basis set in the geometry optimizations ("method 2", LANL2DZ for Ru). Single point calculations were performed at the same level of theory (M06/6-311+G(d,p)-SDD(Ru), with the SMD solvation model in THF). The computed activation energies and reaction energies using both levels of theories are summarized below. The two different levels of theories provide almost identical activation energies and reaction energies in the test calculations. 
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Conformers of TS-20 and 20
Two isomers for TS-20 and the cyclometalated complex 20 were located. The conformer observed in the X-ray structure of the cyclometalated complex (20), in which the two mesityl groups are adjacent to each other, is predicted to be 0.9 kcal/mol more stable. The C-H activation transition states leading to the two conformers have very close activation barriers. -1988.25815 -1987.296008 -1987.427026 -1988.432532 -1987.470391 -1987.601409 12 -2335.30295 -2334.18093 -2334.332764 -2335.366182 -2334.244162 -2334.395996 13 -1988.25418 -1987.291689 -1987.420199 -1988.432842 -1987.470351 -1987 .598861 -1988.253865 -1987.291524 -1987.423867 -1988.427364 -1987.465022 -1987.597365 15- OPiv2 -2216 OPiv2 - .204565 -2215 OPiv2 - .193133 -2215 OPiv2 - .335496 -2216 OPiv2 - .319604 -2215 OPiv2 - .308172 -2215 OPiv2 - .450535 16 -1869 OPiv2 - .153068 -1868 OPiv2 - .301603 -1868 OPiv2 - .420516 -1869 OPiv2 - .38693 -1868 OPiv2 - .535464 -1868 17- OPiv2 -2334 OPiv2 - .128144 -2333 OPiv2 - .026574 -2333 OPiv2 - .173852 -2334 OPiv2 - .190165 -2333 OPiv2 - .088595 -2333 OPiv2 - .235873 18 -1987 OPiv2 - .079818 -1986 OPiv2 - .137904 -1986 OPiv2 - .261896 -1987 OPiv2 - .255378 -1986 OPiv2 - .313464 -1986 -347.017538 -346.860885 -346.902513 -346.916158 -346.759505 -346.801133 Cartesian coordinates of all optimized structures are provided in ".xyz" file format in the Supporting Information.
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